There are few data available regarding the association between hallux valgus and pain or functional limitation. We determined the prevalence of hallux valgus in a rural Korean population aged between 40 and 69 years, and its association with pain and function. A total of 563 subjects was examined using the foot health status questionnaire, the Short Form-36 questionnaire and weight-bearing anteroposterior radiographs.
Hallux valgus in the adult is considered to be a degenerative disorder. 1 It causes pain and difficulty with footwear 2 and many patients require surgery. 3, 4 The prevalence of hallux valgus is reported to increase with age with a figure of between 12% and 56% of those aged over 65 years in Western populations. 5 It is scarcely reported in other ethnic groups but it is notable that the incidence of hallux valgus increased significantly in Japan after the introduction of Western-style footwear following World War II. 6 In a study of 200 Chinese subjects in Hong Kong, the prevalence in barefoot people and in shoe-wearers was 1.9% and 30%, respectively. 7 This increased prevalence with age and changes in footwear may present serious new musculoskeletal health problems in Asian countries.
Although hallux valgus is common and well publicised, there are few data regarding its association with pain or limitation of function. Our aim was to determine its prevalence in a rural Korean population aged between 40 and 69 years and its association with pain and function, and to evaluate putative risk factors.
Patients and Methods
The ongoing Korean Health and Genome Study 8 is community-based and prospective and involves a biennial examination to identify the major risk factors for chronic diseases such as diabetes mellitus, cardiovascular disease, osteoporosis and musculoskeletal disorders. It involves a rural farming community (Ansung, population 132 906 9 ) in South Korea and its methods have been described previously. 8 Eligibility criteria include age between 40 and 69 years, residence within the survey area for at least six months before testing and the mental and physical ability to participate. Cluster sampling and a bracket survey method were carried out and 5020 subjects of 7192 eligible subjects were surveyed (response rate 70%). A total of 597 subjects (11.9% of the parent cohort) examined during the last two months of the third follow-up year (February and March 2007) was selected. The study was approved by the ethics committee of the Korean Health and Genome Study and Ajou University School of Medicine.
Demographic information was collected by face-to-face interview using a standard questionnaire which included educational attainment, occupation, exercise and comorbidities. Occupation was classified into 14 categories according to the Korean National Statistical Office. 9 Occupations such as factory worker, labourer and farmer were defined as manual work. Exercise status was selfreported and classified into none or more than once per week. Co-morbidity was also selfreported according to a questionnaire comprising 25 pre-defined illnesses. A history of fracture of the hip or foot and the presence of pain in the knee was self-reported using a questionnaire.
The body mass index (BMI) was calculated from the height (cm) and weight (kg) which were measured to the nearest 0.1 cm and 0.1 kg, respectively, with the subject barefoot and wearing light clothing. The presence of diabetes mellitus was defined as either a fasting glucose level ≥ 7.0 mmol/L or a two-hour glucose value of ≥ 11.1 mmol/L after loading with 75 mg of oral glucose, and osteoporosis as a T-score value ≤ 2.5 at either the lumbar spine or femoral neck as measured by dual-energy x-ray absorptiometry (Lunar DPX; GE Healthcare, Chalfont St. Giles, United Kingdom).
All subjects were asked to complete the modified version of the foot health status questionnaire 10 which had been translated into Korean. Foot pain was determined by responses to the following question: 'During the last week, how often have you had aches or pains in your feet?' This was classified as follows: never, occasionally, fairly often, very often or always. A response of fairly often, very often or always counted as positive. Function was evaluated by four questions addressing foot-related limitations and difficulties in work, home and social activities, walking and climbing stairs within the previous week. Responses to the four function questions were given on a five-point scale, each scored according to Badlissi et al 11 as follows: 25 for 'not at all', 18.75 for 'slightly', 12.5 for 'moderately', 6.25 for 'quite a bit', and 0 for 'extreme'. The scores from each question were added to generate the foot health function status scale with a range between 0 and 100 with 0 giving the worst score and 100 the best. This score has previously been shown to have a high construct validity and test-retest reliability. 10 Self-assessment of the foot was included in the questionnaire as the following question: 'In general, what condition would you say your feet are in?' This was scored as excellent, very good, good, fair or poor. The answer was given scores of 100, 85, 60, 25, and 0, respectively. Subjects also completed the Short Form-36 (SF-36) questionnaire 12 for the evaluation of self-reported functional status and physical disability.
The feet were assessed radiologically by weight-bearing anteroposterior (AP) views with a source-to-plate distance of 1 metre and the beam inclined at 15° from the vertical and centred on the midtarsal joint. The angle of hallux valgus was measured by the method of Piggott 13 between the long axis of the first metatarsal and the proximal phalanx. Hallux valgus was deemed to be present if the angle was ≥ 15° in either foot.
14 A moderate or greater hallux valgus was defined as an angle > 25° in either foot. 15, 16 A rheumatologist (SK) evaluated the radiographs without information on foot pain or function. A total of 50 radiographs were re-read one month later and the intrareader correlation coefficient was 0.99 with a 95% confidence interval (CI) of 0.97 to 0.99. Statistical analysis. Logistic regression was used to obtain the adjusted odds ratio (OR) with 95% CI for the independent relationship between foot pain and hallux valgus while adjusting for age, gender, BMI and fracture of the hip or foot. For comparison between normal and hallux valgus groups, continuous variables were tested by Student's t-test and categorical variables by Fisher's exact test. For the evaluation of functional status, physical disability, foot health function status and self-assessed foot condition, confounding factors were adjusted by analysis of variance with multiple classification analysis. All data were presented as the mean and SD or as numbers and percentages. A p-value ≤ 0.05 (two-tailed) was considered to be statistically significant.
Results
Of the 597 participants, one was excluded because of a recent calcaneal fracture and 33 declined to have radiography of the foot. Those who declined had baseline characteristics similar to those who had radiography in terms of age, gender, educational attainment, BMI, and co-morbidity. The remaining 563 were included and their details are shown in Table I .
From the radiographs, 364 subjects (64.7%) had hallux valgus with an angle ≥ 15° in either foot and 48 of these (13.2%) had a moderate or greater degree of hallux valgus > 25°. Of the 364 subjects, 168 had bilateral, 23 right and 173 left hallux valgus. The prevalence of hallux valgus did not correlate with age, and moderate or greater hallux valgus was significantly more common in women (p = 0.01).
Female gender (p = 0.004), high BMI (p = 0.034), and non-manual work (p = 0.028) were significantly associated with hallux valgus (Table II) . Foot pain was reported in 56 subjects (9.9%), of whom 43 (76.8%) had hallux valgus. In 199 subjects without hallux valgus, the prevalence of foot pain was 6.5% (13 subjects) and in the 364 subjects in our series with it was present in 11.8% (43 subjects), indicating that most subjects were asymptomatic. However, the prevalence of foot pain increased to 20.8% (10 subjects) in those 48 subjects with moderate or greater hallux valgus. This association was significant after adjustment for confounding factors (Table III) . Painful hallux valgus was significantly associated with female gender (p = 0.022), a lower level of education (p = 0.003) and pain in the knee (p = 0.003) (Table IV) .
General functional status was assessed from the physical function domain of the SF-36 questionnaire. The score was significantly worse in subjects with moderate or greater hallux valgus (p = 0.001) and remained significant after adjustment for confounding factors (p = 0.014) ( Table V) . Functional status was significantly worse among those with painful compared with those with non-painful hallux valgus (18.8 (SD 6.5) vs 14.1 (SD 5.0); p < 0.001). Moderate or greater hallux valgus was not significantly associated with a physical disability according to the role-physical domain of the SF-36 (p = 0.576). The foot health functional status was significantly worse in subjects with moderate or greater hallux valgus compared with those without hallux valgus (p = 0.004). Self-assessment of the foot condition was also significantly worse in subjects with moderate or greater hallux valgus and these results remained significant after adjustment for confounding factors (p < 0.001) ( Table V) . Functional status, physical disability, foot health function status and self-assessment of the foot condition were not significantly worse in subjects with mild compared with those without hallux valgus.
Discussion
Whereas hallux valgus and foot pain are recognised as important disorders among the elderly, there was no clear relationship between them. In a community-based study 11 involving 784 subjects, it was present in 37.1% and was not associated with foot pain or foot-related limitation of functions. This agrees with our results in which most halux valgus subjects did not report foot pain. Although those with moderate or greater hallux valgus had significantly increased foot pain because of the limited sample size, we were unable to define a linear correlation between the hallux valgus angle and pain. In other reports, foot disorders were found not to be significantly associated with the functional outcome or physical disability, 17 and elderly subjects with moderate to severe hallux valgus defined clinically as hallux abduction of more than 15° showed impaired gait patterns. 5 In a randomised, controlled trial comparing the effectiveness of surgical treatment with no treatment in patients with painful hallux valgus with a mean angle of 24°, operative correction led to significant improvement in pain and function. 3 These studies reflect our findings that moderate or greater hallux valgus is related to pain and decreased function.
In our study, only 9.9% of the subjects reported foot pain which was in contrast to a previous report which showed a prevalence of 20% to 30% in community-dwelling elderly people. 18 This discrepancy may have resulted from differences in the assessment of foot pain and characteristics of the study population. Various scales to measure foot pain including the foot health status questionnaire have been developed and validated, 10 but the questionnaire has not yet been validated in a Korean population, possibly leading to incorrect estimation of foot pain. The younger age (mean 59 years) of our series compared with that in previous reports 11, 18 is another possible explanation for the low prevalence of foot pain. A study comparing an elderly Chinese and Caucasian population showed the former to have fewer symptoms despite a similar rate of foot deformities indicating the possibility of differences related to ethnicity. 19 Also, in our subjects the prevalence of self-reported arthritis was only 2.1% suggesting that they may be a 'stoic' population and the prevalence of hallux valgus was higher than that reported in other series. 11, 20, 21 In the limited age range of our rural sample, hallux valgus, whether mild or moderate, did not significantly correlate with age. This suggests that it develops before 40 years of age, and may not progress significantly thereafter. Two other series also reported that age was a poor predictor of the hallux valgus angle. 14, 22 In order to clarify the relationship between age and the progression of hallux valgus, a prospective follow-up of the present series is planned.
Moderate or greater hallux valgus was significantly increased in women. While footwear is often blamed, other factors may be involved. A South African study showed that, by the age of ten years, the mean hallux valgus angle was already significantly greater in white than in black girls, indicating an ethnic difference in addition to shoe-wearing patterns. 23 Also, severe hallux valgus with female preponderance was frequently observed in an unshod population, implying that it may be a different entity from mild hallux valgus associated with increasing age and shoe-wearing. 24 Factors associated with painful hallux valgus were female gender, lower educational attainment and the presence of pain in the knee. In another community study involving the elderly, disabling foot pain was strongly asso- ciated with pain in the hip, wrist, and hand as well as severe hallux valgus, suggesting that pain in the foot in the elderly may be a component of a general chronic pain syndrome. 25 There are limitations to our study. Because of resource limitations, we could not perform a systematic clinical examination of the foot. Although hallux valgus is the most common foot deformity in the elderly, pain is also associated with other conditions such as plantar fasciitis and pes cavus. 11 Without a physical examination we were unable to exclude the possibility that the association between foot pain and hallux valgus was confounded by other conditions. Secondly, performance-based function which depended solely on the questionnaire, was not tested in our study. Also, not all of the many covariates which influence physical function may have been adjusted. Lastly, questionnaires on foot pain were related to an individual and not to a foot. This prohibited more detailed analysis of the relationship between foot pain and hallux valgus.
In conclusion, in this rural Korean population hallux valgus was common and moderate or greater deformity was associated with foot pain, decreased function and worse foot health. The risk factors for moderate or greater hallux valgus and the natural history leading to it need further study.
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